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FEASIBILITY OF IT INDUSTRY FOR LARGE SCALE ROOFTOP PHOTOVOLTAIC ADOPTION 
BY 
LESLEY R. WHITAKER 
 
Abstract 
This thesis is divided into eight sections that contextualize and illustrate the market 
potential for commercial PPA solar leasing on mid-sized commercial roofs in the US.  
First, a discussion of the drawbacks from fossil fuel reliance reveals the benefits of solar 
energy.  The second section explains the photovoltaic effect and the process through 
which sunlight is converted to electricity.  From that foundation, the theoretical solar 
dependence in the US is then contrasted with current energy consumption.  The disparity 
shown to be the result of such large-scale challenges as the reliance on peak power plants, 
unavoidable heat losses and other problems stemming from the lack of a decentralized 
grid infrastructure.  By factoring in these challenges, a commercialization strategy for 
mid-sized commercial photovoltaics business is realized, which logically leads to a 
discussion of the cost trends of photovoltaic modules and parts.  Understanding costs 
gives rise to an examination of potential pricing options in the following section, along 
with breakeven analyses.  Lastly, a discussion of the developments of the solar industry 
shows that traditional silicon wafer cells are the least expensive and most efficient 
technology available, and that a hypothetical company serving enterprise-class data 
centers in the state Ohio will break even in 9 years with optimal debt financing.  
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Introduction 
Photovoltaic technology is a sector of the energy industry with tremendous potential; 
as this thesis will illustrate, a company that focuses on a particular underdeveloped 
market segment and operates with an emphasis on economies of scale and minimized 
costs will capitalize greatly from this growing trend.   
Furthermore solar technology is a promising, renewable alternative to the fossil fuel 
industry, which is known to adversely affect global climate.  Adopting renewable 
technology will reduce greenhouse gas emissions significantly.  Says Bob Deans of 
the National Resources Defense Council, “…the potential here is huge: it’s extremely 
important to shift to renewable power generation, and combined with efficiency 
improvements in coal plants, we can see the map of carbon emissions in this country 
start to change.”1 
The arguments for this expanding business to tap into this potential begin with the 
current state of the energy markets.  An overview of the United States' power supply 
and demand will prove that, despite the lower costs of oil and coal, a fertile 
environment for renewable energy exists, with specific attention to solar. 
A primer on solar energy then describes the process through which sunlight is 
converted to electricity.  Described by Edmond Becquerel in 1839, the photovoltaic 
effect is the phenomenon behind solar cell technology.  Photons with sufficient energy 
“knock” electrons from the valence band of atoms of photosensitive metals, creating a 
potential difference that can drive current through external circuitry and provide the 
electrical work beneficial for modern use.  The nature of silicon's prevalence as the 
most widely utilized module material is explained, with a summary of the other 
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potential semiconductors.    
From there, the current state of the solar energy industry is examined, drawing 
comparisons between the United States market and the world leader of the 
photovoltaic adoption, Germany.  An order of magnitude analysis demonstrates the 
surprisingly small amount of space needed to theoretically power the country.  Soft 
costs, that is, everything but hardware costs, of solar power are briefly examined, 
along with the challenges of incorporating solar power sources into the existing grid 
infrastructure.        
Taking into account all of the theoretical background, overseas successes, and 
domestic obstacles, the strategy behind a photovoltaic company is outlined.  By 
looking at American leaders in the solar industry and the use of power purchasing 
agreements, the hypothetical solar electricity provider, Uniform PV Inc., takes shape 
in fulfilling the unmet need for cheap electricity for data centers across the mid-
western United States.  
In developing a company strategy, the costs behind photovoltaic modules are analyzed 
and ranked, establishing that inverters - the technology adapting the direct current 
from the cell to alternating current for practical use - are the most significant driver in 
the price of solar cells, since the cost of inverters is reaching commodity levels.  The 
significant soft costs of the American solar industry are also broken down to determine 
their impact on the price of the module. 
From there, the price is examined in relation to Uniform PV Inc.'s profitability.  
Hypothetical financial analyses show the return on investment, break-even points, and 
cash flow statements for commercial PV installations, after which the potential 
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company is vetted through a Curt Carlson inspired NABC evaluation.  
Lastly, new developments in solar technology are discussed.   While the most 
promising devices remain too expensive or not ready for market, incremental 
improvements of silicon wafer cells will continue to dominate the market for PV 
technology, which means Uniform PV Inc. has optimal foundations for a new 
business.  
1 Energy  
 The modern world, its infrastructure, commerce and industry could not be possible 
without electricity.  Currently fossil fuels – oil, natural gas, and coal – supply 
around 80% of the worlds’ energy demand.2  Petroleum and other liquid fuels are 
the major energy source derived from refined crude oil.  Relatively cheap and easy 
to transform into electricity, coal and natural gas burning plants have become the 
default option in most markets, developed and growing economies.  However their 
relatively cheap cost brings many problematic side effects, which are discussed in 
the sections below.  
1.1 Disadvantages of Fossil Fuels 
The burning of coal and fossil fuels not only generates pollution that adversely 
affects public health, but also contributes to global climate change.  In addition, 
fossil fuel prices directly influence the price of electricity for better or worse.      
1.1.1 Pollution  
Greenhouse gasses are known to adversely effect the global climate; 
carbon dioxide makes up for 60% of global greenhouse gasses, 57% of 
which comes from fossil fuels.3  
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Coal power plants, cars, diesel trucks and buses also generate harmful 
pollutants in the form of fine particles - a mix of soot, metals and acid 
droplets.  Elevated levels of fine particle pollution exist across the many 
parts of the United States.  More than 64% of sulfur dioxide emissions 
were produced by aging coal power plants in the US.  At an average age of 
44 years, these plants have limited pollution control capabilities.  
Conversely, solar power generates no air pollution.   
1.1.2 Public Health 
When these fine particles come into contact with the human respiratory 
tract, they introduce many breathing and cardiopulmonary health risks.  
By nature of their size, these fine particles bypass many of the human 
body's immune defense mechanisms and lodge deep into tissue.   
Fine-particulate pollution is a mix of soot, acid condensates, and sulfate 
and nitrate particles, and chiefly comes from combustion of fossil fuels in 
transportation, power generation, and manufacturing.  Mortality rate 
associated was found to be associated with the level of air pollution, but 
more strongly associated with fine, inhalable and sulfate particles as 
described in a 1993 article from the New England Journal of Medicine, 
“An Association between Air Pollution and Mortality in Six US Cities.”4  
Short term exposure to particulate matter 2.5 µg per cubic meter, or PM2.5, 
will increase the risk of hospital admission for cardiovascular and 
respiratory diseases.5  Pollution due to fossil fuel plants, like coal power 
plants, contributes to hundreds of thousands of emergency room visits, 
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hospitalizations, and incidences of chronic health problems; a cleaner 
method of generating electricity such as solar power would not only 
decrease costs in the health sector, but also improve public health as a 
whole.6  According to the New England Journal of Medicine, a “reduction 
in exposure to ambient fine-particulate air pollution contributed to 
significant and measurable improvements in life expectancy in the United 
States.”7  With a reduction in pollution from 10 µg per cubic meter 1980 
to 6.52 µg per cubic meter in 2000, the average life expectancy increase 
was 2.72 years, of which 15% was due to air pollution reduction.8 
1.1.3 Electricity Costs 
Public health is not the only problematic factor associated with fossil 
fuels.  Price is riddled with uncertainty and unreliable in the long term.  
Travis Bradford, author of Solar Revolution: The Economic 
Transformation of the Global Energy Industry, describes how the price of 
electricity relies not just on fuel; nonfuel inputs to energy production - 
everything from capital costs to materials and transportation - are also 
subject to changes which then influence the price of electricity consumes 
see. 9   Costs are already rising from the recent low oil prices (addressed in 
next sections), so these effects are coming into play.10 
1.2 Alternatives in Solar 
Consider renewable energy sources: sustainable solutions that will not 
adversely affect the environment they power. Solar power emerges as a 
frontrunner in clean alternatives to coal and natural gas, as shown below. 
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1.2.1 Rising Global Demand? 
Fossil fuels, a finite resource, are unsustainable in the long run. Until 
recently, the newly industrializing and rapidly growing economies of 
China and India were increasing demand, and as Falk and Dürchner state 
in their book, Photovoltaics for Professionals, “the supply of oil and gas 
could become critical in the coming years and lead to shortages, which is 
reflected in the steadily rising prices.”11 However due to a recent array of 
economic and political reasons, the price of oil has plummeted since 
September of 2014.      
1.2.1.1 Glut of Oil 
In the face of Libya’s manifold increases in production in the fall of 
2014, members of the Organization of Petroleum Exporting Countries 
(OPEC) decided not to decrease output, which would have kept the 
price near $100 a barrel, the point the oil price has hovered around for 
the past several years.12   This decision caused the oil price to fall 
below $50 a barrel.13  Oil is not a finite resource for the near future 
given the excess production of oil on the market.  With the United 
States again the biggest oil producer in the world,14 the conclusion to 
draw is that oil prices are easy to manipulate and fluctuate often. 
Future oil price uncertainty might motivate some consumers to 
embrace renewable energy, but currently oil price is no longer the 
driving force for renewable energy adoption, but rather pollution.   
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1.2.1.2 The Cost of Clean 
 Responsible for 19% of the world’s carbon dioxide emissions in 
2008,15 the US must decrease its carbon emissions to reverse the 
adverse effects of pollution on the climate.16  But how much will it 
cost to clean up coal-burning and carbon-emitting power plants?  
Costs of carbon capture systems and pollution-limiting technologies 
would increase the price per kWh of electricity, which relies 
primarily on the cost of extraction.  When the hidden costs of 
reducing pollution are taken into consideration, it’s feasible that the 
subsidies, extraction, transportation, burning, and cleaning of cheap 
fossil fuels would be as expensive as renewable energy production is 
today.17  Moreover, current cheap oil prices provide an ideal 
opportunity to invest cost savings in solar technology, as the price of 
oil will inevitably increase again.  
1.2.1.3 Distributed Systems 
The trend towards increased renewable energy dependence is already 
underway, and of these potential sources - wind, biomass, hydro, and 
others - solar energy has the most potential for widespread use and 
adoption.  Bradford reiterates in his book The Solar Revolution that 
over the next few decades, industrial economies will shift away from 
large, centralized energy production toward smaller, distributed 
energy generators, primarily because end users will increasingly have 
cost-effective options to avoid the embedded costs of the existing 
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energy infrastructure. 18  It is the only option available to produce on 
site, at the level of the individual consumer’s needs, without the 
capital required to install a megawatt plant.  In the words of CWRU 
Physics professor Philip Taylor, “Solar energy reliance in the United 
States is inevitable.”19 
1.2.1.4 EIA Predictions 
The 2014 Annual Energy Outlook from the Energy Information 
Administration (EIA) indicates that renewable distributed generation, 
i.e. smaller, individualized systems as opposed to solar farms, will 
increase by 5.7% per year from 2012 to 2040.  The oft-quoted Energy 
Information Administration is an agency under the United States 
Department of Energy that produces comprehensive statistics and 
analyses of coal, petroleum, natural gas, renewable, and nuclear 
energy usage.20,21,22,23,24,25,26  According to this most recent Annual 
Energy Outlook, the current 30% federal investment tax credit 
continues through 2016, after which it reverts to 10%.   If the 30% 
investment tax credit for distributed generation technologies were to 
extend through 2040, the photovoltaic capacity would increase by an 
average of 7.0% annually.27   The trend towards increasing solar 
power generation is underway.  With an 11% expected increase in 
total energy consumption from 95 Quads in 2012 to approximately 
106 Quads in 2040 (or an increase from 2.8x1013 kWh to 3.1x1013 
kWh), 28 diversifying power production appears essential. 
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1.2.1.4.1 EIA Qualifier 
However, EIA predictions have missed the mark in the past, 
favoring overly optimistic production data over current 
indications.  For example, in the 2005 International Energy 
Outlook, the EIA noted a decline in domestic production and 
rising prices for the previous three years.  Despite that, the 
report predicted than an increased reliance on natural gas 
would cause an immediate drop in the price of oil.29  In fact, 
oil prices continued to rise at the same rate until 200830 before 
falling sharply during the world financial crisis.31,32       
1.2.2 Abundance 
In the book, Photovoltaics for Professionals, it is clear that the amount of 
sunlight incident on the earth's surface contains far more energy than 
could ever be converted to electricity.  Considering 1 kW of power in 1 m2 
of sunlight and one third of the earth’s surface area as landmass, 
approximately 8,000 times more energy shines on the earth than the whole 
of humanity's current annual consumption of 400 quadrillion Btu (Quads).  
Given the sun has a life expectancy of billions of years, it is a source or 
energy that effectively will never run out.  Even in northern latitudes, not 
very sunny regions, solar energy can be harnessed effectively.  Germany 
produced 35.2 TWh (.12 Quads) of electricity in 2014, which is 
approximately 6.9% of its total electricity generation.33  In fact, in order to 
supply current global electricity needs using photovoltaics, the land area 
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required would only be 1.5% of the European landmass, which correlates 
to about 145,000 square kilometers, or around 56,000 square miles: an 
area approximately the size of the US state of Iowa.  It would be even less 
at the equator. 34    
1.2.2.1 Benefits 
Falk and Dürchner, referenced in section 1.2.1, continue to 
summarize the benefits of solar power in the following list: 35  
• The distribution of solar energy on the surface of the planet – in 
full sun it can reach 1000 watts of energy per square meter – is a 
fairly even spreading in comparison to other sources of energy 
such as hydropower, which require significant infrastructure in 
addition to natural occurrence 
• Solar energy is accessible to everyone after the initial investment, 
running costs are extremely low 
• The global distribution of solar energy coincides with regions of 
highest human settlement; in other words, people live closer to the 
equator than the poles 
• Solar energy is reasonably predictable 
• The use of solar is not associated with any environmental risks – 
no oil spills nuclear accidents and other man-made environmental 
catastrophes, not to mention climate change   
• Solar energy holds an advantage over fossil fuels in in terms of 
international relations; it helps avoid military conflicts over oil, 
and would not be a target for attacks, as it is not suitable for 
transportation   
 
The preponderance of evidence suggests solar energy is a 
promising alternative to the harmful effects and implications of 
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fossil fuel burning electricity.  
2 Physics of Solar Cells 
 The benefits of clean power generation have been explored; from public health to 
fluctuating prices, a reliable and price steady option found in solar cells offer a clear 
advantage over existing power generation methods.  Here, an explanation of the 
science behind photovoltaic technology will clarify the phenomenon of solar energy 
conversion. 
2.1 Photovoltaic and Photoelectric Properties 
Photovoltaic technology exhibits a conversion process through which electrical 
energy is generated from light energy.  Edmond Becquerel observed 
photoconductivity experimentally with selenium and silver coated platinum in 
the 19th century.  Unlike the photoelectric effect, explained theoretically by 
Einstein in 1905, the photovoltaic effect describes how spatial asymmetry 
drives excited electrons through an external load.  The photoelectric effect is an 
extreme example of this, in which light incident on a metal, photons with 
sufficiently high energy liberate electrons from its surface.  The photovoltaic 
effect exhibits the same principle with different electrical properties that force 
the electrons through a circuit before relaxing to the ground state.36   See Fig. 
1. 37  
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In photosensitive semiconductors, the incoming photons have sufficient energy 
to excite the electron from the valence band to the conduction band.  This 
energy difference is band gap energy.  In photovoltaics, built-in asymmetry 
pulls excited electrons away before they can relax to the ground state; the pn 
junction refers to this asymmetry, in which the material is fabricated with 
impurities so that one component has more impurities than the other.  The layer 
with more “negative” n-type impurities is then combined with the “positive” p-
type layer; the conduction electrons on the n-type side will flow to the p-type 
side to a small degree when there is a voltage applied, resulting in the reverse 
bias current in the junction itself.38   
In other circumstances, however, it is this potential difference that drives the 
excited electrons through a load in the external circuit, doing the electrical 
work.  In a simple circuit, the solar cell can replace a battery.  See Fig. 2. 39 As 
opposed to batteries, which are modeled as a voltage source, photovoltaics are 
Figure 1:  An illustration of the photoelectric effect and the 
photovoltaic effect.  The photovoltaic effect drives current 
through a load. 
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better modeled as current sources: batteries are characterized by their voltages, 
whereas a PV cell can theoretically never become depleted.  Therefore PV cells 
are better represented as diodes.  
 
 
 
 
2.1.2 Physical Equations 
The current and voltage depend on the illumination of the cell in addition 
to the electrical load in the circuit.  The open circuit voltage VOC develops 
when the terminals are isolated; connected, the current drawn is the short 
circuit current, ISC.   For any load resistance RL the cell develops a voltage 
V between VOC and 0, and the current follows Ohm's Law such that40 
푉 = 퐼푅퐿 
When an electrical load is present in the absence of light, a potential 
difference arises between the terminals of the cell, generating a current in 
opposition to the photocurrent.  The reverse current is called the dark 
current, Idark, which flows across the device under an applied voltage - bias 
- in the dark.  Solar cells admit much higher currents in the forward bias 
Figure 2:  The solar cell acts like a battery; but where a battery 
eventually becomes depleted, a solar cell theoretically never will.  A 
solar cell is “current source” as opposed to a “voltage source." 
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than reverse.  It is this property that makes solar cells act like a diode in 
circuit.  See Fig. 3.41   
 
 
 
The power of the cell, reliant on both I and V by Ohm’s Law, depends on 
illumination.  For that reason the current density J becomes a more useful 
quantity. 
For an ideal diode, the current density equation in a solar cell is given by 
퐽 = 퐽푆퐶 − 퐽!(푒푞푉 푘퐵푇 − 1) 
where JSC is the short circuit current density, J0 is a constant, q is the 
electronic charge, kB is Boltzmann's constant, and T is the temperature in 
Kelvin.  The maximum open circuit VOC occurs when the contacts are 
isolated; this is equivalent to the condition when the short circuit 
photocurrent and the dark current exactly cancel, which is apparent in the 
following equation 
Figure 3: The solar cell as the ideal diode, with the Jdark 
showing the reverse bias and JSC the forward bias. . 
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퐽 = 퐽푆퐶 − 퐽!(푒푞푉 푘퐵푇 − 1) 
 
for an ideal diode.  Electrically, the solar cells behaves like a diode, and 
without this diode-like behavior, there is nothing to drive the photocurrent 
through the load.42    
The power density of a solar cell is given by  
푃 = 퐽푉 
and the cell reaches a maximum power point at some Vm and Jm.  See Fig. 
4.43  
The fill factor is defined by the ratio 
 
퐹퐹 = 퐽푚푉푚퐽푆퐶푉푆퐶 
   
The fill factor is directly proportional to the conversion efficiency of the 
cell, which is one of the most important aspects for comparison and 
evaluation.    
  
24 
24 
 
 
 
For maximum output, the cell should be operated with a load resistance 
that corresponds to its maximum power point, occurring at some voltage 
before VOC. 44  
2.1.3 Semiconductors 
Semiconductors exhibit photoconductivity, but silicon is the most 
prevalently used in solar applications out of a variety of potential 
photoconductive materials.  See Table 1.45,46,47,48,49,50,51,52,53,54 
 
 
 
 
 
Figure 4:  A graph of current density J vs. bias voltage V.  Power 
density is defined by the product of J and V. 
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Semiconductor Energy Gap (eV) Remarks Price, 2015 
($/kg) 
Silicon 
Si 
1.107 Plentiful material; 
well developed 
technology 
$18 
Germanium 
Ge 
.67 Well developed 
technology, small 
energy gap 
$1,900 
Gallium Arsenide 
GaAs 
1.42 Used in primarily in 
LED-solid state laser 
technologies; 
expensive 
Ga: $362 
As: $2 
Cadmium Telluride 
CdTe 
1.50 Used extensively in 
thin film 
technologies; 
tellurium rare 
Cd: $2 
Te: $112 
Gallium Phosphide 
GaP 
2.26 Wide energy gap; 
also used extensively 
in LEDs and  
Ga: $362 
P: <$1 
Cadmium Selenide 
CdSe 
1.70 Long lifetime; 
expensive; still in 
research 
Cd: $2 
Se: $59 
Indium Phosphide 
InP 
1.35 Used primarily in 
LCD technologies; 
expensive 
In: $700 
P: <$1 
 
  
 
As stated above, the energy gap refers to the band gap energy, the 
difference between the valence and conduction bands of the 
semiconducting atom's structure.  The effect occurs only when the 
incoming photon has enough energy to “knock” the electron from the 
valence band, where the vast majority of electrons lie, thus creating an 
“electron-hole pair.”   The materials above all exhibit band gap energies 
Table 1: A summary of the most practical semiconductors for 
photovoltaics.   
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roughly within the solar spectrum. 
As explained by Richard Neville in Solar Energy Conversion: The Solar 
Cell, 
 
“We have established that, in order to convert the energy inherent 
in a photon to useful electrical energy in an electron hole pair, it is 
necessary that the photon have an energy greater than or equal to 
that of the energy gap of the semiconductor involved…[by using 
the Planck relation E=hf] it is possible to determine the number of 
photons present with an energy greater than some stated value… It 
is clear that the smaller the energy gap of the semiconductor, the 
greater number of photons with an energy adequate to excite 
electron-hole pairs.” 55  
 
However it is the band gap energy, not the number of 
photons, which determine how useful the photosensitive 
material is in PV applications.  
 
2.1.3.1 Silicon 
Silicon is the most widely used material because it is widely 
understood, largely due to its cheap price.  Silicon’s band gap 
energy falls in the infrared spectrum, so all visible light has a high 
enough energy to “knock” an electron from the valence band.   
2.1.3.2 Germanium 
However, those materials with too small a band gap energy 
encounter complications.  As shown in Table 1, germanium has a 
smaller energy gap than silicon.  Aside from being more 
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expensive, germanium is subject more to unavoidable 
recombination losses, which result in lower electrical output.  
Recombination refers simply to the loss of mobile electrons and 
corresponding holes.  Specifically, germanium is more likely to 
exhibit Auger recombination, in which an electron or hole interacts 
with a similar carrier, and one decays across the band gap while 
the other’s kinetic energy increase by an amount equal to the band 
gap.    With a high carrier density associated with a smaller band 
gap, strong carrier-carrier interactions are more likely to occur.56 
Therefore with a larger band gap energy and fewer recombination 
losses, silicon generates more electricity out of sunlight.   
See Fig. 5.57  Semiconductors with higher band gap energies have 
the potential to perform better than silicon, like Cadmium Telluride 
and Gallium Phosphide, but they may fall under price constraints. 
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In the words of Bradford, “As long as the costs continue to drop as 
quickly as or more quickly than the costs of grid electricity, the 
transition toward PV will proceed steadily, and higher sales and 
lower prices will form a positive feedback loop.” 58 Mass adoption 
would make this tend more apparent, but improvements are driving 
costs down and increasing usage (See section 8.5).   
3 Theory and Practice 
In the initial arguments, the climate around photovoltaic development in 
Figure 5:  A graph of the number of photons absorbed vs. band 
gap energy. Ge, at 0.67 eV, absorbs the most photons but 
produces minimum energy of the semiconductors in Table 1.  
CdTe and GaP , at1.5eV and 2.26eV respectfully, have the 
potential to produce more energy than Si, at 1.107eV.  The 
energy produced and the maximum power of the solar cell 
depends on the band gap energy.  
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relationship to the world’s current dependence on fossil fuel-burning plants showed 
the necessity for a scientific understanding of the photoelectric effect and the 
technology itself.  In theory, solar energy could meet the demand for electricity; 
however solar energy currently is less than 1% of the United States’ energy sources.      
3.1 Power Consumption in US 
According to the Energy Information Administration, the United States uses 
2.86x1013 kWh annually,59 requiring an average power of 3x109 kW 
(assuming lossless storage).  The current market potential for photovoltaic 
technology is vast, considering the amount of sunlight shining on the earth.  
Theoretically, solar energy can meet all electric power needs.      
3.2 Theoretical Solar Solution 
Given that 1 kW of power is generated in 1 m2 of sunlight, then 3x109 m2 or 
3x103 km2 of solar cells can generate the needed power, noting that there are 
one million square meters in square kilometer. However, taking northern 
latitudes and shading into account, if there are 500 W of power in 1m2 
sunlight, then 6x103 km2 of solar cells can generate the needed power.  
Moreover, if the cells are only 20% efficient, then the area increases to 3x104 
km2 of solar cells are needed to power the United States. 
As the radius of the earth is 6x103 km, the surface area of earth is 
approximately 7x107 km2.  Thus, less than half a percent of the world's 
surface area would be needed to power the United States with solar cells.  
(See Appendix A1) 
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The land area of United States is approximately 107 km2.  Therefore the area 
of solar cell used to power the country would be around the size of Maryland, 
which is 30,000 km2.  As shown in section 5.1.4, there are approximately 45 
km2 of commercial retail roof space in the US, only a percent of the needed.  
The Rooftop solar therefore can not power the entire nation; residential, 
industrial, and solar farms must also be part of the solution, and a 
dependence of 20% on solar would be a far but achievable goal.   
3.3 US Energy Consumption By Source 
The United States consumes approximately 100 quads per year60 and solar 
power currently accounts for just 0.3% of total energy consumption.  Other 
renewable energy sources such as hydro, wind, and bio-mass have greater 
capacity than rooftop solar.  With a total 100 Quads, or 2.93x1013 kWh, PV 
energy was just 8.99 x104 GWh in 2013.  See Table 2.61 
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Given the theoretical solution, there is a large disparity between what solar 
could provide and what it does provide in the US market.  In the following 
section, a look at Germany, whose solar reliance is roughly a factor of one 
hundred greater than the United States, helps clarify the discrepancy. 
 
4 German Solar Alternatives 
In 2000 Germany initiated a law called Renewable Energy Law (Erneuerbare 
Energien Gesetz, or EEG) to spur renewable energy development in the country.  A 
governmental guarantee ensured a permanent price for PV generated electricity for 
Table 2:  The total United States’ Energy 
Consumption by source.  Solar energy 
consumption is 0.3% of total consumption at 
.307 Quads. 
Energy Source Quads GWh 
Coal 18.084 5.30x106 
Gas 26.630 7.80 x106 
Petroleum 35.194 1.03 x107 
Fossil Fuels total 79.891 2.34 x107 
Nuclear total 8.268 2.42 x106 
Hydo 2.561 7.50 x105 
Geo-thermal .221 6.47 x104 
Solar/PV .307 8.99 x104 
Wind 1.595 4.67 x105 
Biomass 4.613 1.35 x106 
Renewable total 9.298 2.72 x106 
Total Energy Consumption 97.635 2.86 x107 
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20 years, making PV installations a 'safe bet' for energy producers.  From the onset 
of the EEG to today, Germany has set record upon record for its reliance on the 
photovoltaic industry.  A recent report listed that renewable energy provided 31% 
of Germany's total consumption, with solar making up 6.7%. 62,63  Germany offers 
an apt model and comparison for the United States in increasing solar energy 
dependence.     
4.1 Challenges 
Germany is the country with the highest use of photovoltaics in the world, 
enjoying some of the cheapest PV prices in terms of dollars per Watt and an 
adept infrastructure for distributed generation, as defined in section 1.2.1.3.  
Yet, Germany's current grid cannot handle the influx of photovoltaic systems. 
64  
Built to accommodate a base load of electricity generated by coal, nuclear, and 
natural gas plants, the grid cannot quickly adapt to accommodate increases of 
electrical power from renewable sources.   
4.1.1 Blackouts 
In 2011 Germany experienced 200,000 blackouts of at least three seconds 
due to power surges from solar and wind sources.  This trend is indicative 
of more blackouts in the grid network as renewable energy continues to 
grow, especially since renewables are expected to provide as much as 80% 
of Germany's energy consumption in 2050. 65  
4.1.2 Microgrids 
Prototype microgrids will be tested in 2015, aiming to take burdens off of 
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the existing grid.   The experiments will last for three years in the towns of 
Wildpodsried and Allgäu, and will be among the first functioning smart 
grids with measurement systems and modern communications to minimize 
the occurrence of blackouts and surges.  
4.2 Comparison  
In comparison to Germany and its national EEG, solar power in the United 
States has grown from privatized ventures and is subject to varying state tax 
policies and short-term governmental subsidies.  Centralized around large 
power plants, the United States’ grid infrastructure offers both incentives and 
hurdles to increasing solar capacity. 
4.2.1 History 
From a historical perspective, the oil shocks during the 1970s incentivized 
solar technologies, both PV and thermal.  Fear surrounding supply and the 
rapidly rising fuel prices led to strong government promotion of several 
alternative energy technologies, among them, solar energy.  President 
Carter's administration helped to bolster the industry by its approval of a 
$3 billion program for the solar energy technology development – now 
approximately equal to $12 billion – and an installation of a showcase 
solar water heater at the White House.  However by the Reagan 
administration in 1986, funding for solar-energy research programs were 
dramatically reduced, along with reduced federal tax credits for solar 
water heating; President Reagan, quintessentially, removed Carter's 
showcase system from the White House roof. 66  From there, different 
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states instituted their own bureaucracy surrounding PV installations, and 
the federal investment tax credit reappeared in 2005, 67 but not 
approaching the same scale as the German EEG.  These differing 
bureaucratic and permitting policies are discussed in section 6.3.  
4.2.2 Soft Cost Disparity 
This history gave rise to the bureaucratic hurdles and burdensome permit 
costs associated with photovoltaic systems in the US.  (See Appendix A2). 
The soft costs are clearly the greatest cause of the price disparity of 
modules between the two countries.  The US has higher overhead costs 
than Germany in terms of marketing and advertising.  Installation in 
Germany is on average 36 hours faster per system and $0.36/W cheaper 
than in the United States, as well. (See Fig. 6)68  Largely due to 
government incentives, customer acquisition is cheaper in Germany, 
making the modules about $0.60/W less expensive than the United States. 
Germany's residential PV systems are on average larger that US, which is 
another contributing factor since “increasing system size and improving 
module efficiency both reduce the estimated per-watt system price.” 69  
And finally, permitting costs are much more varied and higher in the US 
than the more densely populated Germany, which has fewer utility 
networks and grid systems. 
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Prohibitive soft costs are one of the main reasons the PV industry has not 
reached the same extent in the US as it has in Germany, in addition to the 
significant investment through the German EEG. 
4.3 Grid Challenges and Opportunities 
In addition to a different approach to solar power adoption, the United States 
Figure 6: In 2011, installation costs were approximately $0.36/W more 
expensive in the US than in Germany.  This contributes heavily to the cost 
discrepancy.  
 
  
36 
36 
also faces challenges to solar reliance from the infrastructure of centralized 
power grids.  The existing grids also offer niche areas for solar to expand, 
such as the use of net metering and providing peak power explained in the 
sections below. 
4.3.1 Distributed Benefits 
Due to the modularity of PV systems, there is no need for a centralized 
array within the grid; rather, solar power can be distributed throughout 
it.  Apart from the energy and capacity benefits, this gives rise to 
substantial 'distributed benefits': delaying the need for transformer, 
conductor, or circuit upgrading; reducing transmission, distribution and 
transformer losses.  These distributed benefits in turn increase 
reliability.70  
That said, the grid must be able to accommodate distributed generation, 
and ideally would be built with solar in mind.  Today, grid networks in 
the United States are in need of retrofitting.71  So far the price of 
adapting the grid has proved prohibitive. 
4.3.2 Peak and Off-Peak Power 
Demand for electricity oscillates between peak and off-peak times 
according to the time of day, season, and other factors.  Most of this 
electricity is powered by large plants that run continually, and peak 
plants come online to provide additional power when the demand 
exceeds the base line.  Solar power output largely mirrors the demand 
for electricity, peaking roughly at midday and of course, during sunnier 
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summer months.  
4.3.2.1  Replacing Peak Power Plants 
Peak plants are expensive and dirty.  Solar panels would be ideal 
replacements since they generate more power at the needed times.  In 
the words of Wenham, Green and Corkish in Applied Photovoltaics: 
 
“The value to the grid of PV-generated electricity depends largely 
on the time of day when the grid experiences peak demand.  
Electricity supplied during this peak can be worth 3-4 times that 
generated ‘off-peak.’  Hence, PV is well suited to 'summer 
peaking' grids.  … PV systems being addressed for use as peaking 
stations would be competing with such options as load 
management, combustion turbines, cycled coal plants, pumped 
hydro and perhaps, in future, compressed air or ice storage, all with 
target costs equivalent to retail electricity tariffs.” 72 
 
 
Photovoltaic systems are not directly comparable to baseline coal and 
hydropower plants, since they can not sustain consistent power output 
over twenty-four hours.  However they are much cheaper and cleaner 
alternatives to the coal burning power plants that come online just 
during peak hours.  See Fig. 7.73  It would take approximately 100 
systems with a 500kW capacity to replace a single 50MW peaker 
plant. 
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4.3.3   Heat Loss 
Centralized grids, in which power lines connect customers to a single 
large generator, give rise to outages and shortages from overheating.  
Wenham, Green and Corkish expand the theme of adapting existing grid 
infrastructure in their book, Applied Photovoltaics: 
 
“By buying electricity locally, the amount of power to be 
transmitted along the distribution line is reduced, delaying the need 
for upgrading.  In addition, just by reducing the current through a 
transformer prior to its peak load, its lower temperature allows it to 
carry a higher peak without overheating…PV can also be used for 
demand side management, to the benefit of both the utility and 
customer.  For instance, PV systems on the rooftops of large 
electricity users can reduce peak load energy and demand.”74 
Figure 7: Solar PV systems can ideally replace the expensive 
intermediate and peak load plants, since their output mirrors the 
demand side of the peak electricity times.. 
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With a centralized grid, overheating losses are inherently more 
commonplace than would occur in a decentralized system.  Increased 
usage of solar power – with the required grid adaptions – would take 
stress off the grid and reduce losses due to overheating. 
 
4.3.4 Net Metering 
When users produce their own electricity with rooftop PV, they needn’t 
buy it from the utility.  Net metering is the system through which 
utilities measure electricity usage: monitoring electricity sold to the 
utility by PV owners and purchased from it, all through a single meter, 
which generally is installed by the utility.75   The single meter ensures 
that electricity generated on site and counteracts the electricity bought 
from the grid, leaving the consumer with a single bill for usage.  Net 
metering is an essential tool for PV owners, who can realize substantial 
savings by selling electricity back to the grid. Net metering benefits the 
user by reducing the electricity bill, and also decreases the stress on the 
grid.  44 states currently have some form of net metering policies, some 
with caps and limits on how much electricity credit PV owners can 
collect.76  
4.3.5  Feed In Tariffs 
Outside of net metering, the rates at which consumers sell electricity 
back to the grid may determined by feed-in tariffs (FITs), which 
guarantee that the utility company will pay a set price for the consumer-
generated electricity.77  These FITs, varying state to state,78 were 
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modeled on the German practice arising from the EEG.  In some cases, 
FITs are above retail price to incentivize solar adoption. 
4.3.6 Wholesale and Retail Pricing 
However in many states the rate at which PV system owners sell 
electricity back to grid is less than retail prices.  For example in Ohio the 
net metering laws are under review, and state supreme court will decide 
whether or not PV system owners will be compensated at the retail 
price; today these consumers are paid at a rate 15% lower than retail.79  
The utility’s argument for these lower buyback rates is the that the 
distributed systems have no cost associated with transportation, 
infrastructure, and other items bundled into the overall retail price; ergo, 
the PV system owners should only be compensated for the cost of the 
“energy,” which is less expensive than the electricity they buy.80  
4.3.7 Storage 
Affordable storage options are among the main prohibitive factors 
against the widespread adoption of solar power.  But in the longer term, 
economical storage technologies such as flywheels, fuel cells, 
superconducting magnets, compressed air, ice or hydrogen 81 might 
increase the possibility of self-sufficiency and decrease grid-reliance all 
together.    
4.3.8 Competitors 
The competitors and alternatives to photovoltaic generated electricity are 
simple: relying on grid and other renewables.  Grid reliance, the fall 
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back option, will meet energy demands with no potential for cost 
reduction or savings; rates are subject to peak power times and higher 
costs in summer months, and even with current depressed oil prices, the 
expected trend is for these prices to continue increasing.  If the aim is to 
decrease grid reliance, other renewable energy sources such as wind or 
hydro are simply not feasible on the scale of individual PV ventures, 
since wind and hydro both require substantial financial outlays for 
construction and hydro is limited by proximity to sufficient water 
sources.   
5 Strategy  
Given the state of the current market, growth potential, benefits and disadvantages 
of photovoltaics, a unique approach exists for solar technology in the United States: 
a company that minimizes soft costs, hinges on economies of scale, and taps into 
the vast roof space of America's wholesale data centers. 
5.1 “Uniform PV Inc.”  
The hypothetical company, “Uniform PV Inc.,” has to navigate obstacles not 
just presented by the grid as described in section 4.3, but consumer 
expectations as well.   
5.1.1 Scale 
By the nature of their size and large roof surface areas, data centers can 
optimize electricity output.  The biggest portion of photovoltaic costs in 
the United States is the soft cost: design, installation and permit fees 
associated with one system. Because of the economies of scale, the 
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larger the system, the less the soft costs’ overall impact will be.  
Additionally, with a large roof, loss from shading is minimized as well.  
Data centers provide the most efficient and cost effective opportunities 
for widespread solar cell installations.  Compared opposed solar farms, 
which require large open spaces and significant investment, rooftop 
solar is an easier sell to a consumer. 
5.1.2 Pains and Relievers 
In addition to the soft costs of highly variable design fees and 
installation labor, utility inspections and grid connections add another 
step between purchase and operation. 
For individual customers who purchase a PV system, the bureaucracy, 
multiple forms, fees and red tape are “pains” in the framework of Alex 
Osterwalder's Value Proposition Designer.  A potential company that 
takes on these permitting costs will act as a  “pain reliever,” 82 and in 
turn it will attract more customers.  Companies, like Solar City, that 
include permitting as part of the costs, enjoy some of the highest rates of 
customer acquisition.83       
5.1.3 Customization 
Installation is yet another highly variable soft cost.  “Many of the players 
are looking to maximize the number of modules on the roof, which leads 
to customization,” says Dan Blair of SolarBridge Technologies.84  
Residential systems must take into account various different roof types, 
gradients, shapes, and shading.  A method of avoiding these guaranteed 
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complications is to focus on identical roof types, so that case-by-case 
system design fees are essentially eliminated.  Companies in this arena 
keep their installation configurations minimized as much as possible. 85    
A company that only services large, flat, sunny roofs will lose little in 
the way of variable design and installation fees.   
5.1.4 Target Customer 
Thus, the best customer with minimized soft costs in mind would be 
large data centers, which offer corresponding amounts of flat roof space 
and require vast amounts of electricity to operate.  
5.1.4.1 Data Centers 
A data center is “designed and equipped to meet the needs of 
high density computing equipment such as server racks used for 
data storage and processing.”86  They are essential for the 
continual function of business, communications, government and 
academic systems in a variety of market segments: media, 
government institutions, and financial services to name a few.87   
5.1.4.2 Data Centers Consolidating 
Though data centers can be any size, large, enterprise-class data 
centers are the fastest growing segment of the industry with the 
rise of cloud computing and increased data storage needs.88  The 
International Data Corporation found that despite the decline in 
the number of data centers, the square footage of data center 
space is increasing.89  These lager, enterprise-class range from 
  
44 
44 
wholesale centers, in which a third party rents the entire space 
and equipment to the customer, to colocation centers, in which a 
third party rents space and equipment to multiple customers.90  
Web service companies have large dedicated structures to house 
their data centers.  Data centers are not rated by square footage 
so much as watts per square foot;91 however, to ensure consistent 
revenue and not gamble with lower buyback rates, Uniform PV 
can only serve data centers that demand in excess of 500 kW.  
This means the data center must be bigger than 5,000 m2, or 
approximately 50,000 ft2.      
5.2 Growing Space 
Colocation data centers and enterprise class data centers are the fastest 
growing sector of the industry.92,93 According to market research organization 
IBIS World, the worldwide the sector is worth $29 billion and grows at a rate 
of 13%,94 and other reports from Allied Market research expect the sector to 
reach $51 billion by 2020.95  
5.2.1  Reasons for IT Growth 
Increasing internet usage every year for services such as e-commerce, 
social networking, VOIP (voice over internet protocol) communication, 
video on demand and others drive the growth in the IT sector at a rate of 
10% globally each year.96  Pew Research Center cites just 14% of 
American adults using the internet in 1995, which increased to 87% in 
2014.97 
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5.2.2  Energy Usage 
The industry is responsible for 2% of the country’s energy use, 
approximately 76 billion kWh in 2010.98,99  More energy use can be 
expected as the industry begins to grow.    
5.2.3  Optimal for Distributed Generation 
Because data centers need consistent, uninterruptible power supplies, 
they are prime candidates for distributed generation.100    Facebook has 
revealed plans to use on-site wind generation;101 in addition, Google 
uses renewable energy PPA for its data centers around the world.102,103   
For these reasons data centers provide a niche for distributed generation. 
5.3 Strategy Feasibility 
The feasibility is discussed below. 
5.3.1 REIT 
A growing number of PV installations are operated by real estate 
investment trusts (REITs). 104  As stated in the Solar Energy Industries 
Association Report, Solar Means Business,   
 
“These are real estate companies that own property that they 
traditionally lease to commercial entities. In recent years, 
companies like ProLogis, Hartz Mountain Industries, General 
Growth Properties and Kimco have recognized solar energy's 
ability to transform underutilized land and roof space into an asset. 
Since these companies do not necessarily use all the power 
consumed in their facilities directly, they can either use the solar 
generation to offset their tenant's electricity bills or sell directly to 
  
46 
46 
the utility.” 105  
  
For the purposes of this paper, however, REITs will not be explored, due 
to the size of the initial investments required for a new company to enter 
the real estate market on this level. 
5.3.2 Better Options 
Instead, for hypothetical company Uniform PV Inc., the revenue stream 
can come from one of these varying models:  
 
• selling, leasing or loaning equipment to the customer, a model in 
which the company sells PV systems and efficient installation 
services 
• selling electricity to the customer, a model in which the company 
owns and operates the PV system and customers buy electricity 
through a power purchasing agreement (PPA) 
• selling electricity to the grid, a model in which the company rents 
roof space and derives revenue from solely selling electricity back to 
the grid 
 
Each option offers various benefits and disadvantages. 
5.3.3 Lease/Sell Equipment 
Selling equipment to the customer delivers the highest return for the 
company, and creates a simple strategy analogous to clearing inventory 
off shelves.  However the customer must put up a significant investment 
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to purchase a system outright.  If the payback period is 20 years or more, 
the investment will not make fiscal sense for public companies 
concerned with short-term returns on their investments.  The same might 
be said of leasing, where a set fee is paid over a long period of time.  
However the customer would never own the system entirely and 
therefore would miss the full savings of reduced grid reliance. 
5.3.4 Rent Space 
Conversely, the risk associated with a long-term investment is shifted to 
Uniform PV if it only rents roof space and sells electricity back to the 
grid.  Additionally, there is a rent expense for using customers' roofs. 
For the customer, it creates an additional, consistent revenue stream, 
because he or she is able to rent an unused roof and optimize the full 
space of the facility.  This model is the safest and likely most favorable 
to the customer, leaving the risk and potential variability in electricity 
prices with Uniform PV. As discussed in sections 4.3.4-4.3.6, selling 
electricity back to the grid would be at unfavorable wholesale prices that 
would prolong the return on investment.    
5.3.5 Sell Electricity  
Selling electricity to the customer, however, is the best option for both 
the company and customers' success.  In this model, Uniform PV would 
work like a utility.  It would negotiate a deal to put panels on the 
customer’s roof and guarantee that the customer’s electric bills will hold 
steady or decline.  Since solar panels have proven to reduce customers’ 
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use of power from the grid, Uniform PV realizes a guaranteed, long-term 
revenue stream.   
5.3.6 The PPA 
Uniform PV Inc. would see the most success by selling electricity with 
power purchasing agreements.  A PPA is a financial instrument that 
allows third party ownership for a company that will procure, install and 
operate a photovolataic system on the customer's premises upon the 
customer’s entering a long-term contract to purchase 100% of the 
generated electricity from the company’s photovoltaic system. 106   See 
Fig. 8.107 
 
  
 
 
 
Figure 8: An illustration of the cash flow model for Power Purchasing 
Agreement (PPA) financing.  In this model, customers agree to 
purchase all power generated without owning or installing the 
photovoltaic system.  
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5.3.6.1 Popularity 
With no upfront cost, customers can enjoy cheaper, cleaner 
electricity for 15 to 25 years.   Solar City's PPA option is by far 
its most popular service, accounting for 60% of its sales last year.  
Its leasing model followed at 39% and purchasing/loans at 1%.  
In the words of a senior Solar City corporate development 
analyst, “With incident IRR, think of Solar City as a clean utility 
company.” 108   
Solar City has shown by doubling its revenues since 2006 and 
being responsible for 1 of every 3 residential solar installations, 
109 that a model, which essentially replaces the utility, fills an 
unmet need.     
5.3.7 Value Proposition 
In terms of Tony Ulwick's Value Proposition, this hypothetical company 
would provide electricity for large data centers who want to minimize 
energy costs because only this company possesses the financing 
capabilities attractive to companies with a short-term focus on the return 
on investment.  Ulwick also develops six paths to market growth, of 
which this company resides in core market growth.”110  
 
5.3.7.1 Red Ocean/Blue Ocean 
Currently no company provides installations solely for 
commercial and industrial entities.  Both Sungevity and Solar 
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City have commercial clients, but the numbers pale in 
comparison to the residential side. 
This is a blue ocean opportunity.  The mantra of the Blue Ocean 
Strategy states that “competing in overcrowded industries is no 
way to sustain high performance.  The real opportunity is to 
create blue oceans of uncontested market space.” 111  With only a 
couple of companies working in this space, and not yet across the 
country, there is tremendous growth potential in commercial 
solar PPA.     
6 PV Costs 
Breaking down the costs of the solar cell itself is essential in understanding the 
prices of solar technology and how those prices will change in the future.  
6.1 Breakdown 
Price of photovoltaic cells relies on many components: some variable, some 
stable.  The components of a standard crystalline silicon wafer solar module 
are displayed in Figure 11.  Each item has been analyzed individually112,113 
and together yields a final cost of $4.79/W for a commercial rooftop PV 
system; there is 4% difference from the generally accepted price of $4.60/W. 
114 See Fig. 9. 
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Commercial*Rooftop*PV*Array*
Hard*Costs* ** **
Materials* ** **
Silicon* *$0.09** per*Watt*
Silver* *$0.10** per*Watt*
Inverter* *$0.55** per*Watt*
Other*Hardware* ** **
Mounting*Hardware* *$0.30** per*Watt*
Meter*and*Monitors* *$0.11** per*Watt*
Manufacturing*Labor* *$0.90** per*Watt*
Soft*Costs* ** **
Electrician*Labor* *$0.33** per*Watt*
Roof*Installation*Labor* *$0.26** per*Watt*
Permit*Fees* *$0.20** per*Watt*
Design*and*Overhead** *$1.95** per*Watt*
Module*Cost* *$4.79** per*Watt*
 
 
 
6.2 Module Costs 
The hard costs consist of silicon, the photosensitive material; silver, the 
conductor for the contacts; an inverter, for converting the current from DC to 
AC; mounting hardware, the frames that support the cell; meters, modules, 
and manufacturing labor.   
6.2.1  Silver 
Silver is a precious metal becoming more expensive by the decade.  See 
Fig. 10. 
Figure 9: Cost breakdown of c-Si solar array comes 
out to $4.79/Watt. 
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Silver is the metal most commonly used in the industry to construct 
electrical contacts on solar panels.  However, the prices continually 
increase and have spiked over the past decades.  In a standard module 
that produces 200W, the silver alone would cost $20.115  In a 4kW 
residential system, the silver would cost $400.  In a 10kW commercial 
system, the silver would be $1,000.  Due to its expense, other conductors 
such as copper are beginning to enter the photovoltaic market, as well as 
other manufacturing processes to lessen silver dependency.  An analyst 
noted the trends of using the minimum silver required in solutions, in 
addition to making the “fingers,” the electrical contacts that wire the 
system, narrower.116  
6.2.2 Inverters 
Inverters are another expensive component, especially in the United 
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Figure 10: Silver prices per Watt over the last fifty years.  It is an 
expensive precious metal whose price fluctuates often and 
likewise affects the cost of a PV module. 
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States.  In Europe, the price of inverters for photovoltaic operations has 
decreased sharply over the past two decades.  It is currently hovering 
around $0.20/W.  In the United States, inverters remain as much as 
$0.55/W.  If this country follows the European pricing trend, inverters 
will reach this commodity price in the next ten years. See Fig. 11. 117,118       
 
 
 
 
6.2.3 Commodities 
The other cost drivers of the c-Si photovoltaic cell are not subject to any 
significant market forces.  There is no indication that manufacturing 
labor costs, silicon, “miscellaneous” hardware costs will change 
drastically in the future.  Silicon is currently around $18.00/kilo and is 
expected to continue to be traded at that price in the future.119    
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Figure 11: The price of inverters on the European market 
from 1990 projected to 2016.  It currently fluctuates 
around $0.20/W. 
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6.2.4 Improvements 
A module’s value does not scale linearly with efficiency gains.  NREL 
researcher David Feldman states that,  
“For example, improving the efficiency of modules used in a typical 
residential system (i.e., modeled as 4.9-kW roof mounted system in 
Q4 2010) from 10% to 11% provides $0.29/WDC of system-level cost 
savings, while improving the efficiency of modules used in the same 
system from 19% to 20% provides cost reductions of only 
$0.08/WDC.” 120 
6.3 Non-Module Costs 
Non-module Costs include permits and fees, installation labor, electrician 
labor, and design costs.  Also called soft costs, they consist of everything 
but the module hardware and are responsible for the inflated price relative to 
other foreign markets.  Municipal regulations differ from city to city just as 
rebates and incentives vary from state to state.  
6.3.1 Florida Permits 
Florida offers a prime example for these varying fees and permits.  In 
Miami, Florida the permit cost of installing a photovoltaic system is a 
flat fee of $325.00; in Jacksonville, a flat fee of $22.00; in Tallahassee, 
$54.00 for the first kW, and $6.70 thereafter. 121   However for the 
purposes of the analysis, $0.20/W were attributed to permit costs, as 
described by Kristen Ardani, a researcher for the National Renewable 
Energy Laboratory.122     
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As stated by the Solar America Board for Codes and Standards,  
 
“Local jurisdictions are responsible for establishing the 
permitting requirements for new PV system construction and 
installation in their territory.  While jurisdictions everywhere 
share most of the same challenges in ensuring the safety of new 
PV systems, inexperience with PV has led many to implement 
unnecessarily complex and inconsistent permitting procedures.  
In these cases, barriers of time and expense brought about by 
requiring multiple departments to review the same application 
severely inhibit the timely and efficient construction of new PV 
systems.” 123  
 
Because local governments determine permitting fees, the cost structures 
for PV systems vary greatly depending on location.  Organizations such 
as the Solar America Board for Codes and Standards have made 
arguments for streamlining this process by creating national standards; 
its recommendation includes an upper limit on the system's power 
output, series strings per array and weight distribution.   
6.3.2 DOE Sunshot 
The SunShot program, a collaboration of public funding and private 
industry run by the United States Department of Energy, works to 
increase the marketability of solar power and to reduce soft costs of PV 
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systems. 124  Their goal is to drive prices to $1.50/W for residential 
systems and $1.25/W for commercial systems by 2020. 125   (See 
Appendix A3)126  Reductions of $0.15/W are feasible in the next four 
years if progress is made on the following fronts: 
• Standardization of permitting process 
• Transparency and clarification of each jurisdiction’s PV guidelines 
• Ability to submit forms online 
• Fee reduction 
• Improvement with more interconnectivity experience 
 
6.3.3 California Permits 
Governments in certain areas, California for example, have started the 
reduction of bureaucratic policies with new legislation. 127  It is 
estimated that the new Assembly Bill 2188 will streamline the 
permitting process from two to three months to only a couple weeks. 128   
6.4 Takeaways 
The most significant cost drivers in the silicon PV market are the expense of 
silver and the variable soft costs that increase the price; however, incremental 
improvements in manufacturing, efficiency, and the approaching commodity 
price of inverters are lowering the overall cost of silicon photovoltaics.  More 
so than efficiency improvements, inverters are the most significant cost driver 
in module costs, followed by silver and silicone.  Inverters are the biggest of 
the hard costs; silver leads are required for manufacturing, yet are still subject 
to fluctuating market prices.  Silicon remains at commodity prices.   Inverter 
prices still have $0.30/W to fall to compete with those in with Germany, and 
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with every reason to do so, this decease should play out over the next decade.  
Silver will remain changeable and difficult to predict.  This metal introduces 
much uncertainty in trend analysis.  As a commodity silicon will remain at its 
current price with no indication it will increase or decrease in the future.   
While unlikely that these ranks will change, the inability to predict future 
silver prices means that it could become more significant in the next decades.        
7 Price Analysis 
Theoretically the return on investment can be calculated by comparing electricity 
prices with the cost per watt of a PV module.   
7.1 ROI 
In Cleveland, OH, there are approximately 4.5 peak hours per day, and 
therefore 1632.5 hours per year.  Taking the average national price for 
commercial electricity of $0.106/kWh, or $0.0001/Wh, the price for peak hour 
electricity is annually $0.17/W, which is the product of the two.  
The rate of $4.79/W was calculated in section 6.1, and dividing these rates 
indicates that without subsidies, the break-even point is 28 years.  The rate 
might be lower if selling to a customer via a power purchasing agreement 
rather than to the grid.  Solar City sells its PPA electricity at $0.15/W in 
California, where the utility price is normally $0.22/W. 129  If that were the 
case in this example, the break even point would occur after 32 years.  (See 
Appendix A4 for theoretical calculation.) 
7.2 PV System Advisory Model 
A more in-depth look at cash flows and payback periods may be attained 
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using the System Advisor Model (SAM), the National Renewable Energy 
Laboratory's dynamic pricing tool.  
7.2.1 Decades to Profit? 
Should Uniform PV install a standard, roof-mounted 215 kW 
commercial system using a PPA agreement for customers to buy 
electricity at $0.18/W in Cleveland, OH, it would break even in 11 
years; it would generate a profit of $504,896 in 25 years, assuming no 
debt financing and no incentives but the 30% Federal Investment Tax 
Credit.  Comparatively, the same system under identical conditions 
would break even in 8 years in Los Angeles, CA.  Both a mid-sized 450 
kW and a larger 1 MW commercial system in Ohio would also break 
even after 11 years, attaining as much as $1.05M and $2.35 M in pre-tax 
profits after 25 years, respectively.  (See Appendix A5 for Statements of 
Cash Flows).  See Table 3 for summary. 
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Location Size Upfront Cost Breakeven 
(years) 
Cleveland 
(Theoretical) 
215 kW - 28 
Cleveland 
(SAM) 
215 kW $560,969 11 
 
Cleveland 
(SAM) 
450 kW $1,174,122 11 
Cleveland 
(SAM) 
1MW $2,609,160  
 
11 
Los Angeles 
(SAM) 
215 kW $560,969 8 
 
 
 
 
 
7.2.2 Debt Financing 
With debt financing, the profitability shifts accordingly.  If Uniform PV 
were to take a twenty-year loan for the full upfront cost of a system in 
Cleveland, OH at a 5% interest rate, the breakeven point increases by ten 
years.  Conversely, the breakeven point decreases by two years if the 
loan covers half of the upfront cost, or capital expenditures (CapEx).   
(See Appendices A6 and A7 for Cash Flow Statements with debt 
financing). See Table 4.  
Table 3: A summary of cost and breakeven points for Cleveland 
and Los Angeles commercial solar systems.  Uniform PV Inc.’s 
breakeven for a 450 kW system in Cleveland is 11 years.  See 
Appendix for cash flow statements and calculations. 
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Location Size Loan Breakeven 
(years) 
Year 25 
Profits  
Cleveland 
(SAM) 
215 kW 
 
50% CapEx 9 
 
$701,675 
100% CapEx 
 
21 $165,593 
Cleveland 
(SAM) 
450 kW 50% CapEx 
 
9 $335,245 
100% CapEx 
 
21 $346,590 
Cleveland 
(SAM) 
1MW 50% CapEx 
 
9 $1,559,277 
100% CapEx 
 
21 $770,200 
 
 
 
 
 
7.3 Risk Evaluation 
 In every market segment, an analysis of risk is essential.  Now that the 
potential profits, costs and prices have been discussed, this section will 
expand on the risk associated with adopting the technology and problems that 
may arise when interacting with utility companies. 
7.3.1 Adoption Risk 
There is very little adoption risk associated with solar energy.  The trend 
towards sustainable living in the past decades has given stimulus to 
Table 4: A summary of cost and breakeven points for Cleveland 
commercial solar systems with debt financing.  Uniform PV 
Inc.’s breakeven for a 450 kW system in Cleveland is 9 years 
with a 50% CapEx loan.  See Appendix for cash flow statements 
and calculations. 
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adopting cleaner, “greener” methods of energy production and pollution 
reduction. 130  
7.3.2 Utilities Resistance 
In the words of CWRU professor Roger French, “It's wrong to assume 
that photovoltaic industry in this country operates in a free market;” 131 
utilities have lots of money, lots of influence, and the ability to make 
regulations that hinder solar power.  For instance, grid networks in 
Hawaii132 have set limits on the amount of renewables-generated 
electricity that can be connected, and some utilities introduce demand 
charges for selling energy back to the grid during peak times. 133   Since 
microgrids and distributed generation infrastructure would require 
significant investment and action on the part of utility companies, they 
are not the largest supporters of rooftop solar development and are 
behind much of the 'red tape' hindering the adoption of photovoltaic 
technology.  “Essentially the dirty energy businesses and utilities are 
scared we're stealing customers,” says Solar City corporate development 
associate Carter Chang.134       
7.4 Market Saturation? 
Solar City dominates both commercial and residential installations. 135,136  
Given that Solar City does more business in one city than their next 
competitor’s total national sales,137 there is a question of whether this solar 
company’s market dominance counts as saturation.    
 
  
62 
62 
7.4.1 West Coast Solar 
However, Solar City and its closest competitors are all west coast 
companies:  Vivint Solar, residentially and REC Solar, commercially.  
Sunnier climates and progressive incentives may have spurred 
photovoltaic technologies in the west, but it leaves swaths of the east and 
Midwestern United States comparatively underserved as they expand 
their operations eastwards.  
The potential company Uniform PV Inc. would be battling a giant in the 
form of Solar City, but by focusing on commercial flat-topped roofs in 
mid-western, southern, and eastern states, it can expand into a growing 
niche market. 
7.5 Future Prices 
The 2014 Annual Energy Outlook projected that the price of photovoltaics 
will drop to around $3.27/W in 2020 and around $2.9/W in 2040.138  When the 
PV prices continue to decrease, they will continue to compete with utility 
prices.  
7.6 Summary of NABC 
Curt Carlson’s NABC provides a useful tool for analyzing the feasibility and 
gauging the success of potential ventures by vetting business strategies 
through the need, the approach taken to meet it, the benefits associated with 
each cost, and the competition and alternatives to the company. 
7.6.1 The Need 
Commercial entities, just like residential buildings and industrial 
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factories, run on electricity.  With an average of $0.101/kWh, 
commercial electricity is relatively inexpensive.139    However the peak 
power plants generate much more expensive electricity, as discussed in 
section 4.3.2.1.  Additionally electricity costs are subject to crude oil 
prices, crises, and politics; it is a risky fuel to depend on.   
Reliable, inexhaustible and price-steady electricity is needed to meet the 
growing demands in the United States and provide power despite 
fluctuations in oil supply and price. 
7.6.2 The Approach 
The approach is to target the vast, idle roof space atop the United States' 
myriad data centers.  A business that minimizes soft costs, hinges on 
economies of scale, and taps into a blue ocean market is the best strategy 
for the hypothetical Uniform PV Inc. to succeed.  It is imperative to 
build systems with a capacity that falls beneath the demands of the 
customer to ensure all power generated will be bought and used by the 
data center.  Given that data centers require uninterruptible power 
supplies, a method like solar power, whose output peaks over the course 
of a day, would not be suited to provide 100% of a data center’s 
electricity in any case.    
7.6.3 Benefits per Cost 
Benefits of this operation are simple: solar energy is “green.”  Increasing 
the use of solar energy will reduce greenhouse gas emissions, which 
adversely affect the global climate and public heath.  In addition to 
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emitting environmentally harmful pollutants, oil and fuels are finite 
resources, and the fuel-burning peak power plants are the most harmful 
and expensive of all.   Solar power replaces these environmentally 
damaging plants.  Using rooftop PV systems will reduces demand 
charges and the electricity bill and energy costs will be lower overall.  
The widespread influence of the sustainable energy usage also acts as an 
undeniable market driver in many consumer products.  In terms of 
marketing, advertising, and customer acquisition, there is an intangible 
asset to claiming energy self-sufficiency and solar power adoption. 
7.6.3.1 Permitting Fees 
In terms of benefits per cost, the cost here is the absorption of 
permitting fees and the bureaucracy, which is shifted from the 
customer in order to attract more.  The filing of various fees can 
take as long as six months and costs range from hundreds to 
thousands of dollars for larger systems.  Additionally, tax 
incentives, federal rebates and state subsidies are all subject to a 
changing political landscape, which can greatly affect the cost of 
the photovoltaic system. 
7.6.3.2 Variability with Tax Incentives 
On a national level the federal Solar Investment Tax credit 
provides a 30% tax credit on residential and commercial 
systems.140  However rebates, tax credits and incentives vary 
drastically state by state, making each potential system’s 
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potential profitability an individual exercise for each new state.  
The lack of standardization makes increasing solar energy 
reliance difficult to quantify across the board.    
7.6.3.3 PPA Uncertainty 
Solar Power Purchasing Agreements, though growing in 
popularity, are regulated and taxed differently in different states.  
Since Uniform PV Inc. would sell electricity to the end users, 
some states would classify it as a utility and would regulate it as 
such.  Because California, New Mexico, Oregon, Nevada and 
Colorado have all determined that third-party ownership of 
systems are not utilities, PPA systems are exempt from 
regulation in these states. 141  A NREL report on PPA states, 
“implementing third-party PPA model financing is difficult in 
states where unclear legislation or regulations could result in the 
regulation of third-party PPA owners.”142   In short, there is no 
blanket strategy that will apply in each state. 143  (See Appendix 
A8). PV systems are non-liquid assets, which complicate this 
uncertainty further. 
7.6.4 The Competition and Alternatives 
The main competitors are other renewable energy sources.  However 
wind, hydro, and biomass power plants require large land investments, 
and are not methods to attach to an existing structure.  Solar energy is 
unique in that sense.   
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7.6.4.1 Grid Reliance 
As far as alternatives, the fallback option is to rely on the grid.  
Grid reliance makes use of electricity generated by unhealthy and 
unsustainable means. 
7.6.4.2 Financing Models 
A customer's alternatives to a PPA solar option include a lease, 
outright purchase or renting roof space to a solar developer.  A 
leasing agreement offers some relief from electric bills, but not 
as much as an outright purchase.  A significant investment is 
required to own solar systems, which often take more than a 
decade to pay for themselves: a less-than-ideal situation for 
commercial entities.  Conversely, renting roof spaces introduces 
a steady revenue stream for the customer, but the customer 
would be left out of the electricity bill savings and the 
environmental benefits.  
7.6.4.3 Communications? 
Several telecommunications and tech companies are making a 
foray into the utilities market, namely AT&T, Google, and 
Comcast.144  An article in Business Week states that initial 
arrangements between NRG Energy and Comcast already offer 
solar generated electricity as part of a combined cable, phone and 
Internet consumer package.  While this is a potentially disruptive 
distribution method, these companies are primarily targeting 
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residential customers.    
8 PV Developments 
 With a foundation in the cost and pricing of photovoltaic technology, this section 
now takes a look at the developments in the industry competing with traditional 
silicon wafer cells, and sheds new light on the solar innovations to hit the market in 
the coming decades.  
8.1 Thin Film 
Thin Film PV cells technology consists of micron thick films of photovoltaic 
material, about one hundred times thinner than polycrystalline silicon wafers, 
and currently makes up approximately 20% of the PV market in the US. 145  
Most thin films on the market are silicon, a group IV semiconductor; newer 
developments are utilizing more exotic group III-V materials such as gallium 
arsenide (GaAs), indium gallium phosphide (InGaP), aluminum gallium 
arsenide (AlGaAs), and gallium arsenide phosphide (GaAsP).146   
8.1.1 Efficiency 
Most thin film PV cells have 8%-9% conversion efficiencies, much 
lower than the 20% efficiencies of the silicon wafers.  As the thin film 
cells are lighter and cheaper, they can be applied to a range of structures 
and materials of varying flexibility.  Using roll-to-roll processing, thin 
film manufacturing can be relatively low cost and high speed.  Thin 
films of amorphous silicon (a-Si), cadmium telluride (CdTe), copper 
indium/gallium selenide (CIGS) or other photovoltaic materials are 
deposited on substrates of glass, steel or polymer.147  
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8.1.2 a-Si 
As opposed to the crystalline structure of the silicon atoms in the wafer 
PV cells, amorphous silicon consists of a thin homogeneous layer of 
silicon atoms.  With conversion efficiencies around 8%, a-Si thin films 
are the most prevalent material in thin film PV cells; however they lose 
even more of its efficiency after several months' exposure to sunlight.  
8.1.3 Degradation 
When exposed to the sun, amorphous silicon cells degrade, causing a 
10%-15% discrepancy in conversion efficiency.  "Because of the 
disordered nature of amorphous silicon, solar cells are subject to the 
Staebler-Wronski effect, which reduces the solar cell efficiency by up to 
15 percent within the first 1000 hours."148 The Staebler-Wrosnki effect 
describes internal annihilation, technically termed recombination, which 
induces defects in the amorphous structure of the material that then are 
responsible for this drop in conversion efficiency. This effect is therefore 
not present in thicker, crystalline wafer cells.149  A group from the 
Helmholtz Center Berlin recently released their findings that these 
defects are caused by clusters of nanometer thick microvoids, which can 
form during the manufacturing process and are recognizable by their 
paramagnetic properties. 
8.1.4 Decline of Thin Film 
As polycrystalline silicon wafer PVs improve incrementally and become 
cheaper, the initial price gap between thin film PVs and traditional 
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wafers is closing.  According to a recent report from Energy Trend, what 
used to be a $0.10/Watt gap is now $0.02/Watt, meaning the thin film 
technology no longer holds its competitiveness.150 To that effect, 
American chemical company DuPont recently closed its Shenzhen, 
China-based thin film PV manufacturing subsidiary, DuPont Apollo.151    
8.1.5 Less Expensive New Tech 
Researchers at the University of California Berkeley have developed a 
cheaper way of making thin film solar cells called thin-film vapor-
liquid-solid growth.152   
8.1.5.1 Vapor-Liquid-Solid Growth Method 
In 2014 Professor Ali Javey's research group at the University of 
California Berkeley found that growing indium phosphide thin 
films onto molybdenum foil, a planar substrate that confines the 
growth reaction, is cheaper than practiced methods and 
eliminates waste.  The resulting thin film has "excellent 
optoelectric properties (i) without the constraints of an epitaxial 
substrate, (ii) with lower-cost precursors, (iii) high materials 
utilization yields, and (iv) utilizing a scalable growth 
technology.”153    
However, this technology is still in its early stages, and despite 
initial projections of 25% conversion efficiencies, the vapor-
liquid-solid process still needs to be refined.  Fifteen years from 
this development yields an estimate of market readiness; in this 
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case, around 2030.  The use of different materials may be 
applicable in multi-junction solar cells, or cells that utilize layers 
of different semiconductors to capture a wider range of the 
electromagnetic spectrum, which are commonplace in 
concentrated photovoltaic technology.    
8.2 CPV 
Concentrated photovoltaics (CPVs) is another development in the solar cell 
industry; CPV cells utilize optics to concentrate large amounts of sunlight on 
the small area of a solar cell.  Curved mirrors, lenses, and other optical 
properties are configured in ways to maximize incident sunlight.    
8.2.1 Growth 
In 2012, CPVs made up approximately 2% of electricity in Spain and 
Germany.154   40MW of CPVs were installed in the United States in 
2011 by twelve companies, while more than four dozen were actively 
designing CPV products.  Likewise, the number of patents filed in the 
past ten years has surged.  By the “Law of 72,” the patents are growing 
at approximately 13%, as they have doubled 4.5 times in 25 years.   See 
Fig. 12.155 
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8.2.2 Higher Efficiencies 
Concentrated solar cells boast the highest conversion efficiencies out of 
all current solar cell technologies, in the range of 40% to 50% - much 
higher than the 20% efficiencies of the ubiquitous silicon modules.  
Other promising aspects include lower capital investments and higher 
yields. 
8.2.3 Solar Field Applications for CPV 
CPV is better suited to solar fields as opposed to rooftops, as tracking 
the sun's movement throughout the day is integral to function as 
efficiently as possible.  Since these cells are identical, high-volume 
automated manufacturing offers reduced costs as production scales. 
However, “…trackers require periodic maintenance, and glitches in 
performance or outright mechanical failure can decrease performance 
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Figure 12:  The number of CPV patents is growing by 
13%.   
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and increase maintenance costs substantially.”156 
8.2.4 CPV Challenges 
Substrate supply of geranium for these multi-junction cells is sustainable 
for the next 50 years, if expensive.  Optics are another concern: 
maintenance of the mirrors, yellowing of plastic lenses, and overheating 
materials are all issues likely to arise.  Each solution introduces another 
problem: for instance, substituting durable glass lenses is more 
expensive and may require active cooling.  In addition, “weathering 
from sunlight is well known; when the sunlight is concentrated 1000 
times, or even higher locally, the associated weathering problems can be 
severe, although much of the UV light may be absorbed by the optics 
before reaching a sensitive component.”157  
The National Renewable Energy Laboratory states that with high enough 
efficiencies, CPVs can be a cost-effective competitor with traditional 
silicon cells.  The highest efficiencies declared so far have been from 
Solar Junction, 43.5%, and from Semprius with 43.9%.  Efficiencies are 
increasing at an approximate annual rate of 1%, which would indicate a 
50% efficient solar cell in 2020.   
8.3 Microinverters 
Microinverters provide another potentially cost saving technology in the PV 
industry.  As opposed to string inverters that convert multiple modules of DC 
current to AC, microinverters convert each module to AC current.   
Development in microinverter technology has grown exponentially in the 
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past thirty years. See Fig. 13.158  
 
 
 
 
8.3.1 More Output 
With a string inverter, the modules are linked in series, which lowers the 
entire system's output if one panel is faulty or shaded.  Since 
microinverters convert DC to AC at each module, there is more overall 
power generated.  Though the price is declining, microinverters are still 
much more expensive; they are approximately $0.40/W more expensive 
than the standard commercial inverter. 159   
8.4 Hairy Solar 
"Hairy Solar" denotes flexible, nanowire solar cells that are yet another 
development in the PV industry.    
In 2008, a research group out of McMaster University in Ontario disclosed a 
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Figure 13:  The number of microinverter patents has grown 
exponentially over the past two decades.  
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solar cell wherein small amounts of semiconducting material were grown onto 
nanowires, nicknamed "hairy solar."160   These hairy solar cells feature 
multiple layers of various III-V type semiconductors, which generate a multi-
junction solar cell that can absorb a wider range of the electromagnetic 
spectrum.  These layers are grown onto cheaper substrates such as glass or 
aluminum as opposed to silicon. 
Research into nanowire solar cells has increased exponentially since the 
1980s, with a total of 6,220 patents filed in the area by 2010.  See Fig. 14.161 
 
 
 
 
 
8.4.1 Nano-scale CPV 
A recent group out of the Niels Bohr Institute in Denmark published 
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“hairy solar” has been growing exponentially over the 
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their findings on how nanowires naturally augment the incident light, 
making them behave much like CPVs, indicating the feasibility of 
likewise high efficiencies.162   
8.5 Traditional Silicon Wafers 
Silicon wafer cells are the most widely used solar cell technology, as 
discussed in section 2.1.3.4. 
8.5.1 Efficiency Record 
The theoretical limit of a silicon wafer cell is 29.43%, according to a 
2013 paper published in the IEEE Journal of Photovoltaics.163   A 
research group from the University of South Wales in Australia 
generated a cell with a 24.7% efficiency in 2008 - the closest silicon 
wafers have come to the theoretical limit.164   The solar cell uses 
technology to better capture the light at the higher-energy end of the 
spectrum; it plans to adapt this technology to thin-film solar.  This 
record was recently broken by developers at Japanese electrics 
corporation Panasonic, whose HIT modules have reached 25.6%.165,166   
8.5.2 Most Efficient Wafer PV Cell 
However, the current record for most efficient silicon wafer solar cells 
on the market is 21.5%, which is a module produced by US-based 
company SunPower.167   SunPower achieved this by eliminating 
shading; "SunPower's cells are highly efficient in part because they do 
away with the front contacts that block some of the incoming sunlight. 
Both positive and negative contacts are on the back." 168   
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8.6 Takeaways 
Although there is no clear frontrunner, many of these technologies could 
compete with traditional crystalline silicon in the future.  An ideal 
combination for efficiency would feature microinverters applied to a thin film, 
CPV cell made using the vapor-liquid-solid method.  However, such a product 
will not be on the market for at least another decade.   
8.6.1 Incremental Technology 
Conceivably the aforementioned product would be a disruptive 
technology in the vein of Clayton Christensen's theory, in which 
disruptive technologies “typically enable new markets to emerge,” 169 
and the term “sustaining technology” describes incremental, internally 
driven improvements. Since traditional silicon cells with incremental 
improvements are reducing costs steadily and reliably, these sustaining 
technologies will continue to dominate the PV market in the United 
States for the foreseeable future.  
Conclusion 
Supplying electricity through photovoltaics is a powerful and unequivocal need, as the 
opening arguments showed how the world stands to gain much by increasing its 
reliance on solar power, both environmentally and economically.  Moreover, 
photovoltaics is a growth industry — from a business standpoint, companies would 
profit greatly in this space. 
The hypothetical photovoltaic firm Uniform PV Inc. exemplifies this case.  By 
minimizing soft-cost, enlarging installations to maximize efficiency and profit, and 
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tapping into the underdeveloped market of commercial installations atop data center 
structures, Uniform PV Inc. would be able to capitalize on high volumes, module 
standardization, geography and the PPA financing model to spur the adoption of 
sustainable power generation in the United States.  The Curt Carlson NABC 
framework provides a focus for this strategy, underlining the need for cheaper 
electricity, the approach of servicing only commercial entities, the benefits of the 
green movement, and the dangers of lacking alternatives in the form of grid reliance, 
lesser financing models, and investing in other unsuitable renewable sources. 
Moreover, as more efficient technologies like concentrated photovoltaics and cheaper 
thin film manufacturing techniques develop, traditional crystalline silicon cells will 
remain the most affordable and efficient solar panels on the market.   
All of the evidence suggests global climate change is the impetus behind sustainable 
energy practices.  Increasing solar power’s share of global energy production is an 
obvious aspect of the solution to address pollution and the climate; the fastest way to 
introduce widespread domestic use of solar energy is to target the acres of empty data 
center roofspace across the country.  Not only are these IT entities incentivized to 
lower their electricity bills, but, the economics are favorable as well — the business of 
selling photovoltaic energy is profitable, scalable, and sustainable.  With a breakeven 
point of 9 years for a mid-sized rooftop system in Ohio, Uniform PV Inc. proves to be 
an optimal business solution in the dynamic and vital market segment of renewable 
energy. 
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Appendix A1:  Theoretical Solar Dependence 
 
• United States consumes of 2.86x107 GWh annually, or 2.86x1013 kWh annually170  
• Dividing by the number of hours in a year (365*24) yields an average power of 
3.26x109 kW needed in order to power the United States, assuming lossless 
storage 
• 1 kW in 1 m2 of sunlight  
 
• Thus, approximately 3x109 m2 needed to power the United States.  Given 
 
 1푘푚!1,000,000푚! 
 
• Then 
 3x10!푚!10!푚! = 3x10!!푘푚! 
 
 
• 3x103 km2 can generate the needed power.  Taking northern latitudes and shading 
into account, assume only 500 W generated in 1 m2 of sunlight.  This yields an 
area of 6x103 km2.  If efficiency of solar cells is 20%, then this area would need to 
increase by a factor of five to reach the power demand. 
 (6x10!푘푚!)!푥!5 = !30x10!푘푚! 
 = 3x10!푘푚! 
 
• Given the radius of the earth 6x103 km, the surface area is  
 
푆퐴 = !4π푟! 
푆퐴 = 4휋(6x10!)! 
푆퐴 ≈ 7.2x10!푘푚! 
 
• Dividing the orders of magnitude of the area needed to power the United States – 
104 - by the order of magnitude of the surface area of the world - 107 - yields 10-3. 
 10!10! = 10!! 
 
• This fraction (.001) is less than half of a percent of the world’s surface, and since 
the United States is approximately 107 km2, it is less than a half of a percent the 
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area of the country.  For example, Maryland, a state with the surface area of 3x104 
km2 has enough sunlight to theoretically power the country.    
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Appendix A2: Soft and Hard PV Costs in the US and Germany 171 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A summary of the different in soft and hard costs of PV systems in 
Germany and the United States.  Soft costs are the main reason solar power 
is more expensive and therefore less prevalent in the US.     
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Appendix A3: NREL Soft Cost Breakdown 
 
The NREL analysis breaks down the realizable soft-cost reductions in the near 
future.  According to this study, the areas needing to be addressed are standardization, the 
permitting fee process, connection the grid, and transparency across all relevant 
jurisdictions.  The reductions are on the scale of cents per Watt, but the NREL study 
shows likely reduction in the next year of $0.03/W, and target reductions in the future of 
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$0.07/Watt or more have more uncertainty attached to them.  The varying levels of 
uncertainty are showcased in: green (realizable), yellow (medium uncertainty), and red 
(high uncertainty).  
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Appendix A4: Theoretical Breakeven Point 
 
• In Cleveland, OH, there are approximately 4.5 hours of peak sunlight per day172 
 
• This yields about 1642.5 hours of peak sunlight annually. 
 4.5!peak!hoursday !푥!365!days = 1642.5!annual!peak!hours 
 
• Given the EIA stated energy prices, price of electricity is approximately 
$0.106/kWh, or $0.000106/Wh, which makes the annual price of generated power 
$0.17/W. 
 $0.000106Wh 푥!1642.5!hours = $0.17/W/year! 
 
• With this calculation, the price-per-watt of electric power is now comparable to 
the PV price-per-watt values.  With modules priced $4.79/W, it will take 28 years 
to break even. 
 $4.79 W$0.17 W = 28!years 
 
• With modules priced at $4.60/W, it will take 26 years to break even. 
 $4.60 W$0.17 W = 26!years 
 
• At a reduced rate of $0.15/W/year, a system of modules priced at $4.79/W would 
break even after 32 years 
 $4.79 W$0.15 W = 32!years 
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